A great deal of research is being carried out on dry and prefabricated construction methods with a precast composite structural system. This study investigates the joint behavior and calculates structural capacity of a Smart frame, which is a steel-reinforced concrete structural system developed by researchers in a structural experiment. The structural experiment discovered that flexural moment capacity improved by 46.8% in Smart columns compared to reinforced concrete columns. This study is expected to contribute to structural design.
I. INTRODUCTION
Currently many studies on the precast composite structural system which is easy to reassemble/disassemble on the site are underway. Chou et al. conducted an experiment to evaluate the cyclic performance with two exterior moment connections which consisted of a steel-encased reinforced concrete column and a steel beam [1] . Jafarian et al. used numerical models to study the seismic behavior of the hybrid-steel concrete connection. The critical parameters influencing the joint's behavior and the axial load on the column are varied, and their effects were studied [2] . Ju et al. proposed a composite beam and conducted an experiment using a series of monotonic loading tests. The results show that the capacity of the proposed system agrees with design code predictions, and the system demonstrates a reliable composite behavior between the steel beam and the concrete slab [3] . Fig. 1 shows various types of composite column joints developed by preceding studies [4] , [5] . Steel joints are installed at the end of the column where the beam connect for easy and simple connection. However, there are few studies on the structural performance of steel joints. Thus, this experimental research was conducted to identify the structural performance of composite column with steel joints. Manuscript 
II. SMART FRAME
The Smart frame developed by Hong et al. consists of structural tees, reinforcement steels, and pre-cast concrete. Previous research has demonstrated the advantages of the Smart frame as follows:
• The Smart frame is based on semi-dry construction methods; this reduces the construction schedule, minimizes the use of temporary materials, and leads to savings in embodied energy [6] . • This method also provides solutions for the floor height of apartment buildings with a reinforced concrete Rahmen frame and demonstrates its structural and economic efficiency and constructability through tests and simulations [7] , [8] . • This structural system provides a level of architectural flexibility that is not offered by a conventional bearing-wall structure and maximizes the efficiency of material use [9] .
III. EXPERIMENT

A. Experiment Design
To examine the structural performance and behavior of composite column joints, this study performed a series of cyclic loading tests for three specimens. As shown in Fig. 2 , the length and placement of steels were used as variables to investigate the effect on a steel frame. Fig. 3 shows the test set-up and specimen ready for the loading application. The bottom was set as a fixed end to allow specimens to act as a cantilever. The height from the fixed end to a loading point was 1.5m. Three specimens were subjected to cyclic loading using the oil jack. A displacement control method was adopted as a loading protocol for this experiment. 
B. Experimental Parameters
Concrete of 27Mpa, wide flange steel of SM400, and reinforcement of SD400 were used. For specimens #2 and #3, stud bolts of SS400 with a 22-mm diameter and 150-mm length were installed in steel frames and reinforcing plates. Specific parameters are shown in Table I . Fig. 6 show the load-displacement hysteresis curves. For specimen #1 and #2, the load at the maximum load limit state was 136.8kN and 200.92kN, respectively. For specimen #2, the spot 650mm from the end ruptured as the concrete cover spalled where the steel plate was embedded 350mm from the end. For specimen #3, the load at the maximum load limit state was 361.79kN, and it was destroyed as the tensile reinforcement broke.
C. Experiment Results 1) Loading-displacement curve
2) Load-strain curve Fig. 9 demonstrates the load-strain hysteresis curves of the tensile reinforcement. For specimen #1, the strain rate of steel reinforcement at the maximum load limit state was 0.00536. For specimen #2, the strain rate of steel reinforcement at the maximum load limit state was 0.00567, but as the concrete cover spalled, the load reduced to 75% of the maximum load when displacement control to reach 60mm. For specimen #3, the strain rate of steel reinforcement at the maximum load limit state was 0.008527. Fig. 8 . Load-strain curve of the tensile reinforcement of specimen #2. Fig. 9 . Load-strain curve of the tensile reinforcement of specimen #3.
IV. ANALYSIS BASED ON STRAIN COMPATIBILITY
Strain compatibility analysis is used to predict the behavior of composite members by linearizing the strain of the composite section. The next step is to determine the strain compatibility of the compressed concrete upper section and the assumed neutral axis. The equilibrium equation with a proportional expression is used for the neutral axis, and can be applied to calculate the neutral axis value [10] .
The behavior of composite members can be defined and classified into 4 different limit states as shown in Table Ⅱ and Fig. 10 [11] . 
Limit State Definition
Pre-yield Prior to the yield limit state
Yield
The load at which the tensile reinforcement yields
Maximum load
The load at which the compressive concrete strain reaches 0.003 Failure
The load corresponding to failure Fig. 10 . Stress distribution assumptions at each limit state.
The performance reports of reinforcement steel and wide flange steel, and experimental results for the concrete were utilized to analyze and calculate. The compressive strength of concrete was 28.1MPa, and the yield stress of reinforcement steel and wide flange steel were 454MPa and 325MPa, respectively.
A. Reinforced Concrete Column
The right assumption at the yield limit state was demonstrated by Y-CR ny TR y , and the neutral axis was 99.55mm. The strain rate of compressive concrete was 0.000668, and the nominal moment was 184.1kN-m.
At the maximum load limit state, the right assumption was M-T1R ny T2R y , and the neutral axis is located at 53.43mm between the compressive reinforcement and concrete surface. The strain rate of the tensile reinforcement was 0.0215, and the nominal moment was 195.19kN-m.
B. Composite Column with Smart Frame
The right assumption at the yield limit state was found as Y-CF ny TF ny CW ny TW ny CR ny TR y , and the neutral axis was 162.46mm on the web. The strain rate of tensile reinforcement corresponded to the yield strain rate; here the strain rate of concrete was 0.00134. The nominal moment was 422.13kN-m.
The right assumption at the maximum load limit state was M-T1F ny T2F p TW pp CR ny TR y , and the neutral axis was 139.13mm between the compressive flange and compressive reinforcement. The strain rate of tensile reinforcement was 0.00644, and the nominal moment was 492.5kN-m. Fig. 11 shows a load-displacement curve for specimens #1, #2, and #3, as well as calculated values. As for the maximum load of specimen #1, the experimental value was 136.8kN and the analyzed value was 130.1kN, presenting about 4.9% of errors. For the maximum load of specimen #3, the experimental value was 361.79kN and the analyzed value was 328.3kN, representing an error of 9.2%. The maximum load of specimen #3 was 200.92kN, which implies that flexural performance improved by 46.8% compared to that of the reinforced concrete column. 
C. Comparative Analysis
V. CONCLUSION
This study conducted an experimental investigation on composite columns with the Smart frame to verify the structural performance of steel joints. Based on the comparative results using a strain compatibility approach, the following conclusions were drawn:
• For specimen #1 which is a conventional reinforced concrete column, its maximum load at the maximum load limit state was 136.8kN. Compared to the analyzed value of 130.1kN, it represents an error of 4.9%. • For specimen #3 which is placed in the whole section of the steel frame, the maximum load at the maximum load state was 361.79kN. Compared to the calculated value of 328.3kN, it represents an error of 9.2%. • For specimen 2 where part of the steel frame is placed at the end, the maximum load was 200.92kN which is between the values of specimens #1 and #3. Compared to specimen #1, the flexural performance improved by 46.8%. Accordingly, it is believed to have contributed to the bending moment of the end of the stud bolts connected to the steel frame and steel plate. Consequently, we recommend further analysis study of the impacts of stud bolts installed inside the composite column with a Smart frame using a strain compatibility approach, and exploration of how to reflect it in structural design.
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